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SUBJECT:  Cole  Lake  Dam  Phase  1  Inspection  Deport 


This  report  presents  the  results  of  field  inspection  and  evaluation 
of  the  Cole  Lake  Dam: 

It  was  prepared  under  the  National  Program  of  Inspection  of  Non- 
Federal  Dams. 


This  dam  has  been  classified  as  unsafe,  non-emergency  by  the 

St.  Louis  District  as  a  result  of  the  application  of  the  following 

criteria: 


1.  Spillway  will  not  pass  50  percent  of  the  Probable  Maximum 
Flood . 

2.  Overtopping  of  the  dam  and/or  erosion  of  the  spillway  could 
result  In  failure  of  the  dam. 


3.  Dam  failure  significantly  increases  the  hazard  to  loss  of 
life  downstream. 
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NATIONAL  OAM  SAFETY  PROGRAM 


Name  of  Dam: 

State  Located: 
County  Located  : 

S t  ream : 

Date  of  Inspection: 


Cole  Lake  Dam 


Mi 3  sou  r i 


Jo  f  f  or  non 


Tiff  Creek 
19  July  1979 


The  Cole  Lake  w.in  visually  in-,,'  t<  d  by  ep.q .  n<  *e  r  i  n  i 

personnel  of  Horner  U  Shifrin,  lac..  Or  n.-u  i  1 1  no  Eng  i  seers,  St. 

I.oois,  Missouri.  The  pis  of  thi  .  i  nspeo1-.  ion  was;  to  anno’.’  •  no 

general  condition  of  the  Jam  wi‘.  n  rosp<  •••!  t-»  s  afety  and,  baaed  upon 

this  inspection  and  available  data,  determine  if  the  dam  poser  a 
hazard  to  human  life  or  property. 

The  following  summarizes  the  findings  of  the  visual  inspection 
and  the  results  of  certain  hydroloqic/nv  Irani ic  investigations 
performed  under  the  direction  of  the  inspection  team.  Based  on  the 
visual  inspection,  the  present,  genera!  physical  condition  of  the  dam 
is  considered  to  be  unsatisfactory.  The  following  deficiencies  were 
noticed  during  the  inspection  and  are  considered  to  have  an  adverse 
effect  on  the  overall  safety  and  future  operation  of  the  dam: 

1.  Seepage,  as  evidenced  by  soft  ground  and  running  water,  was 
observed  in  the  vicinity  of  the  downstream  toe  of  slope  at 
the  right  side  of  the  dam.  Se,-|>  vie  was  also  noticed 
emerging  from  the  dowr.r.l  of  at  i  jx.int  a  Nave  the  tax'  of 
slope  near  the  center  of  the  dam.  Uncontrolled  seepage 
could  develop  into  a  piping  ’oudition  that  can  lead  to 
failure  of  the  dam. 


i 


2.  The  downstream  face  of  the  dam  and  part  icularly  the  upper 
areas  of  the  dam,  have  only  a  sparse  cover  of  weeds  to 
prevent  erosion  of  the  slope  by  storm  water  runoff.  The 
emergency  spillway,  an  earthen  section,  is  in  a  similar 
state.  All  slopes  and  areas  subject  to  erosion  by  drainage 
or  lake  outflow  should  be  thoroughly  covered  lay  a  durable 
form  of  protection. 

3.  Portions  of  :hp  downstream  side  of  the  concrete  sill  at  the 
principal  spillway  are  severely  undercut  due-  to  erosion. 

The  downstream  end  of  the  paved  chute  that  lies  jus*-  below 
the  concrete  sill  is  similarly  unde-cut  by  erosion.  It  is 
likely  that  continued  erosion  of  the  su'ngrudr  for  fin- 
spillway  sill  could  result  in  d :  :.p '  ue-  -nv-et  <>'  the  sill 
and/or  failure  of  the  embankment  support  i  ng  the  chut'-. 

4.  A  oarbed  wire  type  fence  is  local.-'  1  just  downstream  '  the 
concrete  'ill  for  the  principal  .-.p « 1 1  wav .  Tin.-  fence  could 
act  as  a  barrier  upon  which  lake  carried  debris  can  bodge 
restricting  lake  outflow  and  regal  ting  in  flooding  of  the 
lake  and  possible  overtopping  of  the-  dam. 

a.  A  dense  growth  of  small,  trees  and  brush  obstructs  the 

spillway  outlet  beginning  at  a  point  approximately  100  feet 
below  the  spillway  crest.  This  growth  will  restrict  flow 
in  the  channel  that  may  result  in  flooding  of  the  area 
adjacent  to  the  downstream  channel  that  includes  the  toe  of 
the  dam.  Flooding  of  the  area  adjacent  to  the  downstream 
side  of  the  -lam  could  be  detrimental  t.o  th<-  stability  of 
the  embankment . 

According  to  the  criteria  net  forth  in  the  recommended 
guidelines,  the  magnitude  of  the  spil  l.way  design  flood  for  the  Col° 
cafe  Dam,  which  is  classified  as  small  in  r.i  and  of  high  hazard 
poten-taL,  i s  specified  to  be  a  minimum  of  one-naif  the  Probable 
Maximum  Flood  { PMF  <  .  Considering  the  fact  th:-t  a  large  volume  of 
water  ;  «5  impounded ;  the  downstream  t  loodplatn  i  -  relatively  narrow 
ind  f Low  in  tic  stream  will  be  deep  and  with  high  velocities;  and 
since  j  county  h.qiwv.’  1  i  re,  immediately  be  low  the  darn  and  several 
dwelling.''  lie  within  the  possible  flood  damage  zone,  it  is 

i  i 


recommended  chat  the  spillway  for  this  flam  hr  d**  signed  for  the  PMF , 
The  Probable  Max  imum  Flood  ( PMF)  i »  the  f  !'«>•:  t  hat,  may  be  expect*-.-] 
from  the  moot  seven  o  combination  of  critical  net- orolog  ic  anil 
hydrologic  conditions;  that  are  reasonably  po.-ibb-  in  the  region. 
Results  of  a  hydrolog ic/hydraul  io  analysis  i  odi naked  that  the 
existing  spi  l  lway:;  a  •  ;•  i  end- -qua  to  to  l. out  '  low  resulting 

from  a  storm  of  PMF  magnitude.  The  principil  spillway  is  adequate 
to  pasts  the  la<;e  outflow  result,  i  rtq  from  t  he  ]  p.*i  rent  chance  (  !  00 
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or  the  dam  extends  approximately  three  and  .->«•> -ha  1  .  r.:  i  l-  ■  s  downs; t ; «  -it. 
from  the  dam.  Within  the  damage  zone  are  v'o’irPy-  Highway  F,  thr-  <• 
dwellings,  and  several  other  hut ldi ngs. 

A  review  of  available  data  did  not  d  i  • 1  -  >•;*■•  that  -..'page  or 
stability  analyses  of  th :  s  lam  were  per  foi  me  1 .  This  is  cons  ide  r«*d  a 
deficiency  and  should  be  rectified.  Recent  a  !dd  i  t  ions  to  the  dam 
(it  was;  repotted  that:  in  1 97ft ,  the  dam  war;  mi  v>d  approximately  4 
feet)  have  affected  the  structural  stability  of  the  embankment. 
Reportedly,  the  material:;  used  to  raise  the  dam  consisted  of  earth 
(clay)  and  tiff  gravel.  Tt  was:  not  feasible  at  t  h<>  time  of  the 

inspection  to  determine  the  extent  to  which  each  of  the  material'; 

was  used;  however,  judging  by  the  appearance  of  the  exposed 
materials  at  the  top  of  the  dam,  it  i  r;  believed  that,  there  is  a 
predominance  of  the  tiff  gravel.  ft  was  a ] so  stated  that  the 
materials,  were  hauled  lay  truck  and  dumped  in  place  and  there  was-  no 
effort  made  to  regulate  compaction.  Further,  it  was.;  observed  dun  no 
the  visual  inspection,  that  the  downstream  dope  of  th.-  upper  part 

of  th*-  dam  is;  exceptionally  steep  (lv  on  1.  1I:>  whi-h  in  an 

likelihood  is  a  result  of'  materials  |»*i  ng  dump...’  ,-|i  the  top  o!  the 
dam  and  allowed  to  spill  over  t  he  side.  Tb'-r-  fore,  bee  mis*'  of  those 
factors,  there  is  concerts  for  the  structural  it-.ibi  !  i  ty  of  the  upper 
part  of  the  dam,  and  also  for  th*-  capability  if  t  lv  structure,  in 
the  areas  where  the  section  consists;  primarily  of  tiff  uiavel,  to 

i  i  i 
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prevent  excessive  leakage  durinq  periods  of  nigher  than  normal  lake 
levels,  which  could  result  in  erosion  of  the  downstream  face  of  the 
dam. 

It  is  recommended  that  the  Owner  take  the  necessary  action  in 
the  near  future  to  correct  or  control  the  deficiencies  and  safety 
defects  reported  herein.  It  is  advised  that  priority  be  given  to 
performing  the  investigations  necessary  to  determine  the  extent  of 
all  embankment  materials  and,  utilizing  this  data,  perform  seepage 
and  stability  analyses  for  appropriate  loading  conditions,  including 
earthquake  loads. 


/•  (  l  V  f-t.  (  y„>, ~ii  ■* . v 

Albert  8.  Becker,  Jr. 

P.E.  Missouri  E-hlf>8 


_ _ cr _ ^ - - 

Karl  L.  Freese 

P.E.  Missouri  E-16182 
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NATIONAL  DAM  .SAFETY  PKOOUAM 


COLE  LAKE  DAM  -  II)  NO.  1(1  1  IP 


SECTION  1  -  PROTECT  I  NI "  'i;MA  T  1 1  >M 


1  .  1  G  r.iNE  R  A  L 

a.  Authoi  i  ty  .  National  Dam  Tnspctian  A-t,  I  'u !  >  i  i  <".*  Law  92-167, 
dated  fi  August  19  72. 

b.  Puinor.e  o  _  inspection.  Tin-  purport*  of  this  vrnal 

i  n.sj>*»ct  ion  was  to  make  an  assessment  of  Eh**  amoral  condition  of  the 
dam  with  inspect  to  safety  and,  based  upon  available  dot  3  and  this 
inspection,  determine  it  the  dan  poses  a  hazard  to  human  life  or 
ptoport  y  . 

c .  Evaluation  Ctiteria.  This  evaluation  was  Performed  in 
accordance  with  the  “Phase  I"  investigation  procedures  as  prescribed 
in  "Recommended  Guidelines  for  Safety  Inspection  of  Dams,"  Appendix 
D  to  "Report  of  the  Chief  of  Engineers  on  the  National  Program  of 
Dams,"  dated  May  197r>. 


1.2  DESCRIPTION  OF  PROJECT 

a.  Description  nt  Darn  and  Appuf  t  cnanc.  r. .  Th,«  Cole  hake  Dam  i  s 
.in  enrthf  ill  type  embunk.’K  nt  rising  16  feet  ulvive  the  on  pi  nal 
s  t  ream  .  The  embankment  has  an  upstream  slope  (above  the 

waterline)  of  l.v  on  l.7h,  a  ('•test;  width  of  about  12  feet,  and  an 
irregular  downstream  slope  that  varies  from  Iv  on  1 . 3h  at  the  top  to 
1 v  on  6 . 7h  if  the  bottom.  The  length  of  the  dam,  including  the 
spillway  sections,  is  approximately  1,696  feet.  A  plan  and  profile 
of  the  dam  are  shown  on  Plate  4  and  a  cross-section  of  the  dam  is 
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shown  ori  Plato  5.  At  normal  pool  elevation  the  teservior  Lmpounied 
by  the  dam  occupier;  approximately  1 9  ooror;. 

The  principal  spillway,  a  broad-crest*-.,!  t  r.ipc.'i  tidal  section  i  - 
located  at  the  south  or  left  abutment.  A  concrete  sill  section, 
approximately  94  feet  long,  serves  to  ma’ ntlin  t  h*  ove  i  f  Low  ere-,*. 

A  paved  concrete  .-hut®,  approximately  14  i ee'  buy  and  47  f e<  t  wide-, 
lies  immediately  downstream  of  the  low  point  of  i Me  sill.  The 
spillway  outlet  channel,  an  unimproved  i  to  nesoida’  .  <-■■■■'  j on ,  nh.it 
the  chute  and  proceeds  downstream  for  about:  !  00  •'-•et  lx  for**  the 
banks  become  non-existent  and  the  channe'  it  no  loivier  lefined.  Try 
outlet  channel  appears  to  join  the  downstream  channel,  Tiff  Creek, 
about  uGU  feet  below  the  spillway  crest.  A  profile  of  the  upper 
section  of  the  spillway  outlet  channel  is  shown  on  n ate  5. 

An  emergency  spillway,  a  broad-crested  appi ox i-aately  V-shaped 
section,  is  located  at  the  north  or  right  abutment.  The  outlet 
channel  fir  this  spillway  is  also  unimproved  and  lopeats  to  follow  a 
course  that  is  parallel  to  the  toe  of  the  dam  until  it  joins  the 
downstream  channel,  at  a  location  about  200  poet  below  the  dam. 

b.  location.  The  dein  is  located  on  Tiff  Creek,  a  tributary  of 
big  River,  about  300  feet  east  of  County  Road  K  and  approximately  8 
miles  north  oi  Bonne  Terie,  Missouri,  as  shown  on  the  Regional 
Vicinity  Map,  Plate  1.  The  dam  is  located  in  Section  10,  Township 
38  North,  Range  4  Hast,  Jefferson  County. 

e.  Sice  Clarsif i  ’  V  .on.  The  size  c 1  ass i f l oat  ion  based  on  the 
height  of  the  dam  and  storage  capacity,  is  o.o  ■■goi  i  .e-d  as  small. 

(Per  Table  1,  ilecomre.id®.1  Guidelines  tor  Safety  7  a -poet '  on  of  Dams.) 

d.  lit,  za  rd_Cbi.es  i  f  iCii  t.  i  in .  Tin*  Cole  Lap.,'  p.th,  according  to  the 
St.,  bonis  District,  Corps  of  I’.ng  i  nee  r  r. ,  ha  a  hi  oh  hazard  potential, 
meaning  that  if  the  dam  should  fail,  there  may  |>e  ioss  of  life, 
serious  damage  to  homes,  extensive  agricultural,  industrial  and 
commercial  facilities,  important  public  utilities,  main  highways,  or 
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i  ai  1  roads.  Acoot  >1  i  ng  to  the  St.  houi.;  1)]  str  id  ,  Corps  of  Kr><)  i  ne<-r.;, 
the  ost  i mated  damage  zone  from  failure  the  dam  extends  approximately 
three  and  one-half  miles  downstream  from  the  dam.  Within  the  damage 
zone  are  County  Road  E,  three  dwellings,  and  several  other  buildings 

e.  Ownership.  The  lake  and  dam  are  owned  by  the  Cole  bake 
Property  Owners  Association,  Incorporated.  Mr.  Durford  Shy  in 
currently  the  Chairman  oe  the  Board  of  the  Association.  The 
Association's  address  is:  Route  2,  Box  232,  DeSoto,  Missouri  - 
61020 . 

f.  Purpose  of  Dam.  The  dam  impounds  water  for  recreational  use 
by  property  owners  who  are  members  of  the  association. 

g.  Design  and  Construction  History.  According  to  Mr.  Bur  fori 
Shy,  the  dam  was  constructed  in  1047  by  hi'-,  brother,  Paul  0.  Shy,  a 
contractor  experienced  in  the  construction  of  "artiien  damn. 

According  to  information  shown  on  t.he  Coles  bake  Subdivision  Plat, 
dated  December  9,  1946,  see  Plate  2,  the  original  owners  of  the 

property  upon  which  the  dam  and  lake  are  founded,  were  John  Colo  and 

his  wife,  Bernice  Cole,  and  Paul  N.  Shy,  the  builder  of  the  dam. 

The  present  Owners,  the  Cole  bake  Property  Owners  Association,  Inc., 

acquired  control  of  the  dam,  lake,  and  other  common  ground  within 
the  subdivision  in  1974.  According  to  Mr.  Shy,  the  dam  was 
constructed  without  the  benefit  of  formal  engineering  design  data  or 
plans . 

Mr.  Shy  also  reported  that  in  1976,  several  improvements  were 
made  to  the  dam  by  the  property  owner's  association.  These 
improvements  consisted  oi  raising  the  dam  approximately  4  feet, 
widening  the  principal  spillway,  raising  the  crest  of  the  emergency 
spillway,  removing  trees  from  the  upstream  and  downstream  faces  if 
the  dam,  and  installing  riprap  across  a  portion  of  the  upstream  face 
of  the  dam. 


h.  Normal  Ope r^at  iona l  Procedure .  The  Ink"  b.yr-i  in  unregulated. 
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1.3  I'RRTT  NI-'MT  DATA 


a.  Prainajf:  Area.  The  in>.i  tribi.t  i;  y  *<»  t.*i< -  lake  is 
essentially  unde v- loped,  partially  m  pasture  with  the  remainder  in 
a  native  state  cove  re-1  with  timber.  Th.  area  .djueenf  to  the  lake 
has  been  subdivided  ana  tliei**  ire  i.  im»  -  r*  »■  i  hoir.-.-,  and  ofhe.  bn  1  ■  1 1  ia«  j  ■ 
about  t  hi-  lake.  The  wafer  shed  aimv-.-  the  •Ian  amounts  to 
approximately  774  icres.  Tt «-  witer  ■,ho,i  a  r< -a  i  ;  outlined  on  Plate  1. 

h.  Pis  at  J'jn  'ite. 

(1)  K:  tiiuare-i  known  maximum  flood  at  damsite  ...  370  cf  s* 

( W  .  K .  K  1 1  v .  15?  1 .  V) 

( 2)  Spillway  .r  ip-ie  i  ty  (principa1)  ...  600  rfn  (W.S.  -  Kiev. 

n:r>.  i 

(3)  Spillway  capacity  (principal  *  emer  teney)  ...  1,1 30  cr 

(W.S.  Kiev.  >I26>.4) 


c.  K1 eva* ion 

■  ’  .  a: 

■ov  MSI.)  . 

Th-  S 

>>-.  t»  i  I  r.t  .  >!  the 

'<)■  |. 

ill  at  the  pr i no i 

pVi  v> 

:  1 ' wa y  -re 

'  •  V  ;'J  *  on 

323.0;  the  ban:-,  fa  thin  i.a.nimbt  i  .*r;  tin-  .  l--vjt  i  m  of  I  1..  l.-ke 

surface  shown  rn  t  be  b-0  V;  ne  :  and ,  M  i  nt  i  i..  liaru’e  Man,  7 .  c- 

minute  seri-'S. 


(1) 

T  >o  ot 

rir.;n  .  .  , 

,  h 26 . 4  t  ni n . i 

’  2) 

Noi  l,i  i  i 

pc  )  \  [ 

■pillway  'rent'  ... 

5  21.0 

(  5t 

St  i  "j'r! 

Cf*il  ,‘j  t;  r 

.•enter  1  i  ne  of  da  n  .  . 

.  79  2  + 

(-1)  Ma/i.iiuni  t  lilwater  ...  Unknown 

1 .  Re  si'  r  v  nay  . 

(  l'i  I.enilh  .at  normal  poo1  (elevation  623.0)  ...  2,500  ft. 

(2)  i.enpth  at  maximum  pool  (eLev.it  ion  1326.4)  ...  2,  700  ft. 

Sti  i,lje. 

i)  tw.lITi  i  po-il  ...  476  .ac.  ft.. 

(.)  T.»i-  a  .  :.it.  i  r.i’i enient  al )  ...  1  !■-  .v.  ft. 

*l).i  ■  •- 1  on  a  r,  i  j  i  w  u  •  i  -u.it  k  a  >i .*.«•!  v«-l  I  •  i  r  "p-  e s<* nt  at  i  v>‘  ot  the 

Own.  •  ’  . 

;  4 


f.  Reservo i r . 

(1)  Top  ol  <Luft  ...  r>2  .'lore:: 

(2)  Normal  pool  ...  49  acres 


f.  Dam. 


(1)  Type  ...  Earth! ill,  homogeneous* 

(2)  I.«ngth  ...  1,699  ft. 

(3)  Height  ...  36  ft. 

( 4 )  Top  width  ...  12  ft. 

(5)  Side  slopes 

a.  Upstream  ...  lv  on  !.7h  ’.above  waterline) 

b.  Downstream  ...  Irregular,  lv  on  1.3h  to  lv  on  5.7h 

(6)  Cutoff  ...  Clay  core* 

(7)  Slope  protection 

a.  Upstream  ...  Riprap  (par*  ial),  tiff  gravel 

b.  Downstream  ...  Weeds  and  brush 


(1)  Type  ...  Uncontrolled,  concrete  sill,  trapezoidal 
sect i on 

(2)  ’Location  ...  Left  abutment 

(3)  Length  ...  94  ft. 

(4)  Crest  ...  Elevation  823.0 

(5)  Approach  channel  ...  Lake 

(6)  Exit  channel  ...  Earth  cut,  trapezoidal  section 

Emergency  Spillway. 

(1)  Type  ...  Uncontrolled,  earth,  V-section 
12)  Location  ...  Right  abutment 
(3>  Crest  ...  Elevation  82').  1 

(4)  Approach  channel  ...  Lake 

(5)  Exit  channel  ...  Unimproved 


I .  Lake  Drawdown  Eac i 1 i ty .  None 


♦Per  a  representative  of  the  Owner 


SECTION  2 


HMf',1  NKl'.K  I  NO  DA  TA 


2.1  1  ON 

No  eng  i  nee  r  i  ng  d.Pa  i<*lating  to  tie-  d-.--';u  n  <-f  the  dam  are  known 
to  exist.. 

2.2  CONSTRUCTION 

The  fo] Lowing  information  was  obt  lined  from  Mr.  Burford  Shy, 
present  Chairman  of  the  Board  for  the  lake  property  owners' 
association.  Mi.  Shy  worked  for  his  brother,  Paul,  duiing  the 
period  (1947)  when  the  Cole  Lake  Dam  w an  being  constructed: 

"The  dam  was  constructed  with  clay  obtained  from  the  area  to  be 
occupied  by  the  lake.  Two  bulldozers  and  three  tractor  drawn 
scalpers  were  used  to  move  and  place  the  fill  material  fot  the 
dam.  A  core  trench,  to  an  estimated  maximum  depth  of  about  1  r> 
feet. ,  was  excavated  to  rock  along  the  oentotline  of  the  dam  and 
backfilled  with  nay.  Layers  of  gravel  were  encountered  at  the 
streamline  while  axcovatinq  the  core  trench.  Compaction  of  the 
fill  anl  backfill  was  achieved  by  running  tlv>  earth  hauling 
equipment  over  the  previously  placed  (ill  layer.  No  compaction 
tests  were  made  ot  records  kept  of  the  dam  construction  work.” 

Mr.  Shy  also  stated  that  springs  wo t e  encountered  during 
construction  of  the  dam  at  the  approximate  locations  that  seepage 
was  observed  during  the  inspection. 

2.  1  OPERATION 

The  lake  level  is  uncontrolled  and  governed  by  the  crest 
elevation  of  the  principal  spillway  located  at  the  left  abutment. 

An  emergency  spillway,  with  a  crest  elevation  approximately  2.1  feet 
higher  than  the  -rest  of  the  principal  spillway  and  about  1.3  feet 
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lower  than  the  top  of  the  ham  aL  its  lowest  point,  is  located  at  the 
right  abutment.  A  representative  of  the  Owner,  reported  that  the 
highest  lake  level  observed  occurred  during  the  sping  of  1979  (the 
darn  was  raised  in  1978)  and,  judging  by  a  high  water  mark,  was 
estimated  to  be  approximately  18  inches  above  the  normal  pool 
level.  It  was  also  stated  that  the  dam,  prior  to  being  raised  had 
not  been  overtopped. 

2.4  EVALUATION 

Avalabiljit^.  Engineering  data  for  assessing  the  design  of  the 
dam  and  spillways  were  unavailable. 

i).  Adequacy.  No  data  available.  Seepage  aid  stability 
analyses  comparable  to  the  requirements  of  the  '  Recommended 
Guidelines  for  Safety"  wore  not  available,  whi'h  is  considered  a 
deficiency.  These  seepage  and  stability  an. lyses  should  be 
performed  far  appropriate  loading  conditions  (including  earthquake 
loads)  and  made  a  matter  of  record. 


2-2 


SECTION  3  -  VISUM.  INSPECTION 


3.1  FINDINGS 

a.  General  A  visual  inspection  of  the  Cole  Lake  Dam  was  made 
by  Horner  !.  Ghifrin  engineering  personnel,  T.K.  Hoddens,  Geological 
Engineer,  K.L.  Freese,  Civil  Engineer  and  Hydrologist,  and  A.B. 
Becker,  Jr.,  Civil  and  Soils  Engineer,  on  19  July  1979.  An 
examination  of  the  dam  site  was  also  made  by  an  engineering 
geologist,  Jerry  D.  Higgins,  a  consultant,  retained  by  Horner  & 
Shifrin  for  the  purpose  of  assessing  the  area  geology.  Also 
examined  at  the  time  of  the  inspection,  was  the  area  below  the  dam 
within  the  potential  flood  damage  zone.  Photographs  of  the  dam 
taken  at  the  time  of  the  inspection  are  included  on  Pages  A-l 
throuqh  A- 6  of  Appendix  A.  The  location  of  and  direction  in  which 
the  inspection  photographs  were  taken  is  indicated  or.  Plate  4. 

b.  Area  Geology.  The  dam  site  is  located  on  the  northern  flank 
of  the  Ozark  Uplift  on  nearly  flat-lying  Cambrian  age  sedimentary 
rock.  The  uniform  bedrock  structure  is  intersected  by  the 
northwest-southeast  trending  Valles  Mino-Vi nel and  Fault  which  passes 
through  the  area  approximately  3  miles  north  of  the  dam  site.  In 
the  general  area  the  Cambrian  age  Potosi  formation  is  exposed  at  the 
surface.  The  Potosi  formation  is  a  massive,  thickly-bedded, 
medium- to-f ine-grained  dolomite  with  abundant  quartz  druse  and 
chert.  The  hilltops  in  the  area  are  reported  to  be  capped  by  cherty 
dolomite  of  the  Eminence  formations. 

The  dam  and  reservoir  are  founded  on  gently  sloping  Potosi 
residuum.  The  residuum,  derived  from  insitu  weathering,  is  a 
blocky,  red  clay  with  abundant  quartz  druse  and  chert.  There  has 
been  no  severe  erosion  of  residuum  around  the  lake,  although  erosion 
has  occurred  in  the  emergency  spillway  outlet  channel.  Both 
abutments  are  composed  of  gently  sloping  Potosi  residuum  with 
bedrock  exposures  limited  to  the  spillway  at  the  left  abutment.  The 
allotment  slopes  appear  stable  with  no  severe  erosion  evident. 
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The  Valles  Mi nes-Vineland  Fault,  which  doer,  not  cross  the 
dam  site,  is  considered  to  be  an  extension  of  Hk  St.  Genevieve 
Fault  system  and  a  part  of  the  St.  Genevieve  Sei smotectonic  Region. 
This  Seismotectonic  Region  has  been  the  center  oi  several 
significant  historic  seismic  events.  An  event  of  Modified  Mercalli 
Intensity  of  VII  may  occur  in  this  region  based  upon  the  postulated 
recurrence  of  historic  earthquake  events,  'dared  upon  the  site 
geology  and  distance  from  the  fault  system,  the  most  likely  seismic 
hazard  would  be  the  result  of  induced  ground  motion  rather  than 
ground  failure  by  faulting. 

c:.  3am.  The  visible  portions  of  the  upstream  and  downstream 
faces  of  the  dam  (see  Photos  1  and  2)  appeared  to  be  in  sound  (no 
cracks  or  slides  were  noticed)  condition,  although  the  upper  areas 
of  the  embankment  slopes  are  exceptionally  steep.  The  material 
exposed  at  the  dam  crest  and  upstream  face  of  the  dam,  except  for 
riprapped  areas  and  spotty  patches  of  weeds,  consisted  of  tiff 
gravel,  a  small,  stone  that  ranges  in  size  up  to  about  3/4  of  an 
inch.  The  riprap,  a  stone  about  4  inches  across  in  size,  covered 
approximately  60  percent  of  the  upstream  face  of  the  dam  (see  Photo 
12)  and  extended  from  below  the  waterline  to  near  the  top  of  the 
clam.  Oni  v  a  sparse  growth  of  weeds  (see  Photo  7)  exi  sted  on  the 
upper  areas  of  the  downstream  face  of  the  dam,  while  the  lower  areas 
were  densely  covered  with  weeds  and  brush.  Felled  trees  were  also 
present  at  several  locations  along  the  downstream  toe  of  the  dam.  A 
ridge  approximately  2  feet  high  was  observed  in  Hie  lake,  about  1 
foot  below  the  surface,  paralleling  the  dam  at  a  location 
approximately  8  feet  from  the  face  of  the  dam.  The  ridge  extended 
from  a  point  beginning  near  the  principal  spillway  for  a  distance  of 
approximately  500  feet.  The  reason  for  the  ridge  was  not  apparent. 

At  a  location  near  the  center  of  the  dam  and  a  point  about 
20  feet  below  the  crest,  seepage  estimated  to  be  flowing  at  a  rate 
of  about  1  gpm,  was  observed  emerging  from  the  face  (see  Photo  8)  of 
the  dam.  Seepage  was  also  noticed  emerging  from  the  base  of  the  dam 
(see  Photo  9)  at  a  location  approximately  150  feet  from  the  right 
abutment.  The  exact  location  of  the  point  of  exit  for  this  seepage 
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e;;  lima  ted  to  be 


could  not  be  determined.  However,  the  flow  was 
about  2  gpm.  The  area  adjacent  to  and  paralleling  the  right  sid«'  of 
the  dam  (see  Photo  10)  was  soft  with  seepage  flowing  in  a  shallow 
erosion  channel  just  below  the  toe  of  the  slope.  There  was  also 
evidence  of  surface  erosion,  a  gully  was  cut  up  to  12  inches  in 
depth,  that  appeared  to  be  due  to  storm  water  runoff,  through  this 
same  area. 

The  subgrade  at  the  downstream  side  of  the  4-inch  thick 
concrete  sill  at  the  principal  spillway  was  found  to  be  partially 
eroded  (see  Photo  4)  across  half  of  the  section.  Undercutting  of 
the  sill  extended  to  a  depth  of  up  to  one  foot  in  several 
locations.  Due  to  lack  of  support,  several  sections  of  sill  slab 
were  broken,  leaving  the  downstream  side  in  a  ragged  condition.  The 
subgrade  at  the  downstream  end  of  the  paved  chute  (see  Photo  5)  that 
lies  below  the  spillway  sill  was  also  eroded  across  almost  the 
entire  section.  Undercutting  of  the  paved  surface,  a  free-formed 
section,  extended  to  a  depth  of  up  to  2.5  feet  with  over  12  inches 
of  subgrade  material  missing.  Some  seepage,  estimated  to  be  on  the 
order  of  1  gpm,  was  observed  flowing  from  the  exposed  subgrade  at 
the  end  of  the  chute.  A  three-strand  barbed-wire  type  fence, 
located  adjacent  to  the  downstream  side  of  the  spillway  sill  was 
found  to  extend  across  the  entire  spillway.  The  spillway  outlet 
channel  below  the  chute,  although  unimproved,  (see  Photo  6)  was 
found  to  be  in  fair  condition  with  few  obstructions  and  only  minor 
erosion  of  the  section.  However,  beginning  at  a  point  approximately 
100  feet  below  the  spillway  crest,  the  channel  was  found  to  be 
overgrown  with  small  trees  and  brush.  The  channel,  through  the  low 
lying  area  below  the  dam  and  east  of  County  Road  E,  was  found  to  be 
densly  covered  with  brush,  cattails,  trees,  and  other  vegetation. 

The  crest  of  the  emergency  spillway  (see  Photo  11)  was  found  to 
be  in  sound  condition,  although  some  minor  surface  erosion  due  to 
storm  water  runoff  was  noticed.  The  crest  as  well  as  the  upstream 
and  downstream  faces  of  the  spillway  channel,  with  the  exception  of 
some  weed  growth,  had  no  protective  covering  to  prevent  erosion. 
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The  cutlet  channel  for  thin  spillway  war.  a  I  found  to  lack 
protective  covering,  with  erosion  up  to  1 2  inches  m  several  place',, 
having  occurred  through  the  drainage  area. 

Although  no  animal  burrow?  were  noticed  at  the  time  of  the 
inspection,  it  was  reported  that  during  the  previous  year  (1973,, 
approximately  105  muskrats  were  taken  from  *-ne  dam  area. 

d.  Downstream  Channel.  The  channel  downstream  of  the  dam,  Tiff 
Creek,  is  unimproved  3.nd  extends  for  approximately  4  miles  before 
joining  the  Big  River, 

At  a  distance  of  about  100  feet  below  the  dam,  a  12-foot 
wide  by  7-foot  high  concrete  box  culvert  allows  stream  flow  to  cross 
County  Road  E.  At  the  time  of  the  inspection,  flow  in  the  culvert 
was  estimated  to  bo  about  4  to  5  gpm,  approximately  the  same 
quantity  of  flow  observed,  and  believed  to  N-  seepage  from  the  lake. 

e.  Reservoir.  Numerous  homes  and  other  buildings  are  prune:/ 
in  the  area  adjacent  to  the  lake.  The  lake  sh--.ee!  .  no  is  grass 
covered  and  tree  lined  ard  appeared  to  be  wo  1 i  maintained.  The  very 
upstream  end  of  the  lake  is  crossed  oy  a  count/  rood  where  a 
concrete  box  culvert  allows  flow  to  pass  ben-v.th  the  road.  The 
amount  of  sediment  within  the  lake  could  not  be  determined  at  the 
time  of  the  inspection.  However,  a  repi esertative  of  the  Owner 
reported  that  when  constructed,  the  lake  at  its  deepest  point  was 
about  55  feat  deep,  but  now  is  believed  to  be  only  45  feet  deep  at. 
its  deepest  location. 


3.2  EVALUATION 

With  the  exception  of  the  steep  upstream  and  downstream  slopes 
that  exist  near  the  top  of  them,  the  deficiencies  observed  during 
this  inspection  and  noted  herein,  are  not  considered  significant  to 
wararant  immediate  remedial  action. 
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1  4  -  opekati  jnai. 


4.1  PROCEDURE:. 

The  npi.ll wavs  are  nnoonf rolled .  The  water  surfdc?  level  is 
governed  by  precipitation  runoff,  evaporation,  seepage,  and  the 
capacity  of  the  iinc.<n iro.L  1  ?d  principal  and  emergency  rpi  11  ways. 


4.2  MAINTENANCE  OF  DAM 

As  previously  indicated,  improvements  have  recently  {1973)  hvn 
made  to  the  dam  and  spillways.  Accord  i  n\j  to  a  represent# t i  ve  of  the 
Owner,  with  the  exception  of  the  riprap  pi on  the  upstream  face 
of  the  dan,  these  improvements  are  complete.  However,  based  on  the 
extensive  growth  of  weeds  and  brush  tn.it  exist  on  the  dam  and 
elsewhere  ?s  well  as  the  lack  of  a  perennial  plant  cover  to  prevent 
erosion,  it  wculd  appear  that  f  he  nr  areas  arc  in  n'-ej  of  additional 
maintenance.  Further,  it.  also  appears  that  !  i)  t  le  has  been  don'-  to 
prevent  occurrence  or  problems  associated  with,  see  once  including 
drainage  of  the  low  lying  area?;,  where  th“  w  iter  accumulates  near 
tiie  base  of  the  dan. 


4.3  MAINTENANCE  OF  OUTLET  OPERATING  EACH. I  TIES 

No  outlet  operating  facilities  exist  at  this  dam. 


4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEMS  IN  EFFECT 


The  inspection  did  n-t  reveal  the  existence  of  a  dam  warning 
sy s tem . 
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cue  safety  of  die  Jam.  7t  is  recommended  that  nia  i  n  te  r.nnt  <  ol  tie' 
dam  and  spillways  be  under taken  on  a  regular  basis  and  that  records 
be  kept  of  ail  maintenance  work  performed. 


SECTION  5  -  HYDROLOGIC  1  HYDRAULIC 


>.l  EVALUATION  OK  FEATURES 

a.  Des ign  Data.  Design  data  are  not  available. 

b.  Exper ience  Data .  The  drainage  area  and  lake  surface  area 
were  developed  from  the  USGS  Vineland,  Missouri,  Quadrangle  Map. 

The  proportions  and  dimensions  of  the  spillways  and  dam  were 
developed  from  surveys  made  during,  the  inspection. 

c.  Visual  Observations. 

(1)  The  principal  spillway  crest  consists  of  a  94-foot  long 
concrete  sill  of  variable  width.  A  concrete  chute  lays  immediately 
below  the  south  half  of  the  spillway  sill.  The  sufcg) ado  for  the 
north  half  of  the  till  as  welt  as  the  subgraie  at  the  downstream  end 
of  the  chute,  are  extensively  eroded  with  both  sections  undercut.  A 
three  strand  barbed-wire  fence,  supported  by  metal  posts  embedded  in 
the  sill,  crosses  the  spillway  opening. 

(2)  The  principal  spillway  is  located  within  the  embankment 
near  the  left  (south)  abutment. 

(3f  Below  the  spillway  sill  and  concrete  chute,  the  outlet 
channel  consists  of  a  trapezoidal-shaped  section  approximately  8 
feet  wide  and  3  co  4  feet  deep,  that  continues  for  about  100  feet 
before  joining  a  draw  of  the  original  drainage  pattern.  The  draw 
follows  a  course  away  from  the  downstream  face  of  the  dam.  The 
jagged  surface  of  the  Potosi  formation  is  exposed  in  the  invert  of 
the  upper  reach  of  the  channel.  The  lower  portion  of  the  reach  is 
congested  with  small  trees  and  brush. 

(4)  The  downstream  face  near  the  top  of  the  dam  is 
exceptionally  (Iv  on  l.3h)  steep.  The  upstream  face  above  the 
waterline  is  also  steep.  .Judging  by  the  type  of  material  exposed  to 
view,  this  upper  portion  consists  primarily  of  tiff  gravel.  In 
addition,  this  portion  of  the  embankment  does  not  have  perennial 
type  plant  cover  to  prevent  erosion  by  stuiin  water  runoff.  The 


lower  portions  of  the  embankment.  jpt«*ar  I  •>  cons ;  "t  of  native  noil,  j 
red,  q rave  1  ly  clay. 

(5)  The  emoreenoy  rpillway  :!  of  a  -hallow, 

dish-shaped  depress  i  on  through  the  dam  non  th<  riqht  (north! 
abutment.  The  ;;pi  1  I  way  .  i . s charges  info  a  inhu.il  d:  aw  that  eon  veys 
water  away  from  the  dam  by  following  a  o<vir-.o  tbit  roughly  parallels 
the  bare  >f  the  dan. 

(6)  No  drawdown  facilities  are  available  to  dewater  ! he 

lake . 

d.  Overtopping  Potential.  Elevation  026.4  was  found  to  be 
lowest  point  in  the  dam  crest.  The  spillways  (principal  and 
emergency)  are  inadequate  to  pass  the  probable  maximum  flood  or  the 
1/2  probable  maximum  flood  without  overtopping  the  dam.  They  are 
adequate,  however,  to  par.::;  the  1  percent  chance  (100-year  frequency) 
flood  without  overtopping  the  dam.  The  results  of  a  dam  overtopping 
analysis  are  nr,  follows ; 

Max  i_mum  Dura  t  ion  _of 


Dejath  of  Flow 

Over t  oppi nq 

0-Peak 

Max.  hake 

Over  Dam  (Ft.) 

Of  Da m 

Ratio  of  PMF 

Outf  low  (cf  .5) 

W.S.  Elev. 

(Kiev.  826.4) 

(Hours) 

0.27 

1 , 780 

026.4 

0.0 

0.0 

0 .  00 

4 , 6 Oil 

8  27.0 

1  . 1 

1 . 6 

1  .  00 

11.-043 

828.3 

1 . 9 

S.  0 

100-Yr.  Flood 

1,00 

82S.  6 

0.0 

o 

o 

The  flow  safely  passing  the  spillways  just  prior  to  overtopping, 
was  determined  to  lie  1,780  cfs,  which  amounts  to  approximately  27 
percent  of  the  probable  maximum  flood  inflow.  This  outflow  is 
greater  than  the  outflow  far  the  l  percent  chance  (100-year 
frequency)  flooo.  During  peak  flow  of  the  probable  maximum  flood, 
the  greatest  depth  of  flow  over  the  dam  would  be  approximately  1.9 
feet  and  the  overflow  will  extend  for  about  the  entire  length  of  the 
dam  crest. 


e.  Evaluation.  Based  on  the  erosion  th.it  ha:;  occurred  at  the 
principal  spi  1  Iwy  ((he  concrete  nil!  and  chute  ire  extensively 
undercut)  it  is  evident  that  the  embankment  material,  a  gravelly  red 
clay,  can  unde r  certain  ci rcumstances,  such  as  large  sp i 1 1  way 
releases  with  accompanying  high  velocities,  he  very  erodihle.  Also, 
during  f lood  conditions  when  flow  over  the  dam  occurs,  it  is 
expected  that  rapid  erosion  of  the  unprotected  steep  downs t r- 1  im 
slopes  that  are  composed  at  least  in  pat  t  of  tiff  gravel,  will 
occur.  Therefore,  tor  lake  flooding  condition',  that  result  .  n  flow 
over  the  top  ot  the  cam,  f  ailure  of  th"  dam  expected. 

f.  Reference'- .  Procedures  and  dat  .  f"r  d  •t-rini  ning  the 
probable  maximum  flood,  the  100-year  f reui.noy  I'oni,  and  t:h.- 
discharge  rating  curve  for  flow  passing  the  spillways  and  tie  dam 
crest  are  presented  on  Pages  B-l  and  B-.t  of  the  Aopcndix.  A  listing 
of.  the  HfclC-1  (Dam  Safety  Version)  input  data  for  routing  the 
probable  maximum  f  U*od  and  the  1  percent  chance  (100-year  frequency) 
flood  i  r3  shown  on  Pages  B-l  and  B-4  of  the  Appendix.  A  copy  of  the 
computer  output  table  entitled  "Summary  of  Dam  Safety  Analysis"  is 
presented  on  Page  ft- '  and  the  inflow  and  outflow  hydrographs  for  the 
probable  maximum  flood  are  shown  on  Page  B-6  of  the  Appendix. 
Area-storage  curves  for  the  reservoir  are  presented  cn  Plate  6  and 
the  spillway  discharge  rating  curves  are  shown  on  Plate  7. 
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6.1  EVALUATION  OK  STKIK"!  Ji(AL  STABILITY 

3.  Vi  i'.u.iL  Oh  se  L_va«:  ion  .  An  item  not  iceo  Burin*)  the  inspect  i  in 
and  ronridenyi  to  bo  of  significant  import -mov  t.  ■  the  performance  of 
the  daw,  ;s  the  exceptionally  steep  slopes  th.it  exist  on  the 
upstream  and  downst  roam  fates  of  t  he  oraburk.Tonr. .  The  inspection 
also  t  wealed  t.h  it  .lie*  t.  •  t  ial  s  used  to  raise  t!«<»  dam  (nee  paragraph 
*'> .  Id)  con  i  st.  oil  or  ,v>  undo  terminable  combi  not  i*>n  of  tiff  gravel  and 
clay.  Other  1  terns  n. -treed  during  the  ;usp*fei  ion  include  seepage, 
lack  of  perennial  plan*  cover  in  ce*  ta:n  a  rear  subject  to  erosion  by 
storm  wjtvi  runo  f!  o?  *-.pi  I  iwav  flow,  and  iius.h  Hat  could 

conceal  ani.r.al  hut  row'..  The  location  and  •  ••■stent  of  those  i  t.eir ;  i  '• 
d:scussf,d  in  Section  1,  ojrngr  iph  i.lo  . 

b.  Design  and  Const  ruct  ion  Data.  No  eon  .traction  data  r*>l  i.inq 
to  the  r:f  ruor.iir.ij  stability  of  the  dam  are  kn' -wn  to  exist.  Seepage 
and  stability  analyses  comparable  to  the  requirements  of  the 
"Recommended  Guidelines  for  Safety  Inspection  of  Dams"  were  not 
available,  which  is  considered  a  deficiency.  These  seepage  and 
stability  analyses  should  be  performed  for  appr  ipriate  loading 
conditions  (including  earthquake  loads)  and  made  a  matter  of 
record . 

c.  Operating  Records.  No  appurtenant  structures  or  facilities 
requiring  operation  exist  at  this  dam.  According  to  a  representa¬ 
tive  of  the  Owner,  no  records  are  kept  of  the  lake  level,  spillway 
discharge,  dam  settlement,  or  seepaqe. 

d.  Pr>i5 1  Construction  jCh a n*jes.  Based  on  i nf ot  mat  i on  provided  by 

a  representative  of  the  Owner,  it  is  believed  that  there  have  been 

several  changes  to  the  ‘lam  sine*;  completion  of  construction  in  1447 

that  could  have  an  affect  on  the  structural  stability  of  the  dan.. 

These  chances,  all  of  which  were  sojyjrted  to  have  been  implemented 

in  ri7H,  include  raising  Hie  dan  approximately  4  feet,  i no reusing 
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t  h«-  width  cf  the  principal  ftp  illway  opening  from  alout  47  feet  to 
approx jiMt  tely  94  feet,  and  raising  the  .:r--st  of  the  emergency 
spillway  approximately  1  fexit. 

e.  Seismic  fit-ability.  Eased  on  tie  she -p  downstream  slope  in 
che  uppoi  regions  of  th.  d,;m,  the  lack  of  st  ar-i !  j  ty  analyser,  as  well 
as  knowledge  of  materials  used  and  method.-.  .•  no loved  to  raise  the 
dam,  a  judgment  as  to  tl-e  effect  of  an  earthquake  on  this  dam  cannot 
be  made  at  this  time.  However,  a  geologic  fvilk  i  ,  relatively  close 
(approximately  1  miles)  to  the  damsjt<  arm  the  >nu  of  tiff  giavtl 
for  dam  construct  ion  :s  if  questionable  velue.  r>  quake  at  the 
damsite  could  cause  the  ne’ati  voiy  loos-"  till  gravel  to  become 
unstable,  resulting  in  slope  failure  it  the  *  up  of  the  dam. 


SECTION  7  -  ASSESSMENT /REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 

a.  Safety .  A  hydraulic  analysis  indicates  tie  spillways 
(principal  plus  emergency)  are  capable  of  passing  lake  outflow  of 
about  1,780  cfs  without  the  level  of  the  lake  exceeding  the  low 
point  in  the  top  of  the  dam.  A  hydrologic  analysis  of  the  lake 
watershed  area,  as  discussed  in  Section  5,  paragraph  5. Id,  indicated 
that  for  storm  runoff  of  probable  maximum  flood  magnitude,  the  lake 
outflow  would  be  on  the  order  of  11,043  cfs,  and  that  for  the  1 
percent  chance  (100-year  frequency)  flood,  the  lake  outflow  would  be 
about  1,065  cfs. 

Several  items  were  noticed  during  the  inspection  that  could 
adversely  affect  the  safety  of  the  dam.  These  items  include  the 
exceptionally  steep  slopes  that  exist  at  the  upstream  and 
particularly  the  downstream  faces  of  the  dam,  seepage,  lack  of 
perennial  plant  cover  in  areas  subject  to  erosion  by  storm  water 
runoff  and/or  lake  outflow,  dense  brush  in  certain  areas  that  may 
conceal  animal  burrows,  and  a  barbed-wire  type  fence  that  traverses 
the  crest  of  the  principal  spillway. 

Stability  and  seepage  analyses  of  trie  dam  were  not  available 
for  review  and  therefore  no  judgment  could  be  made  with  respect  to 
the  structural  stability  of  the  dam.  Due  to  the  ! act  that  the  upper 
areas  of  the  dam  have  slopes  that  are  unusually  steep,  it  is 
questionable  if  the  stability  of  the  embankment  is  adequate  for  all 
service  conditions. 

b.  Adequacy  of  Information.  Due  to  lack  of  design  and 
construction  data,  the  assessments  reported  herein  were  based  on 
external  conditions  ns  determined  during  the  visual  inspection.  The 
assessment  of  the  hydrology  of  the  watershed  and  capacities  of  the 
spillways  were  based  on  a  hydrolog  ic/hydrau I ic  study  as  indicated  in 
Section  5.  Seepage  and  stability  analyses  comparable  to  the 
requirements  of  the  "Recommended  Guidelines  for  Safety  Inspection  of 


Dams"  were  not  available,  which  is  considered  a  deficiency. 


c.  Urgency .  The  items  concerning  the  safety  of  the  dam  noted 
in  Paragraph  7.L3  and  the  remedial  measures  recommended  in  Paragraph 
7.2  should  be  acc  ouip  l  tailed  in  the  near  future. 

d.  Necessity  for  Phase  II.  Based  on  tin-  results  of  the  Phase  1 
inspection,  a  Phase  IT  investigation  is  not  recommended. 

e.  Seismic  Stability.  Based  on  the  steep  downstream  slopes  in 
the  upper  regions  of  t he  dam  and  the  lack  of  stability  analyse;  as 
well  as  knowledge  of  materials  used  and  method;'  employed  to  raise 
the  dam,  a  judgment  as  to  the  effect  >i  n  earthquake  on  this  dam 
cannot  be  made  at  this  time.  However,  s  geologic  fault  is 
relatively  close  (approximately  3  miles'  to  the  d.imsite  and  the  use 
of  tiff  gravel  for  dam  const,  ruction  ;s  of  questionable  value.  A 
quake  at  the  dams ite  could  cause  the  relatively  loose  tiff  grivei  to 
become  unstable,  resulting  in  slope  failure  at  the.  top  of  the  dam. 


7.2  REMEDIAL  MEASURES 


a.  Recommer.dat  ions .  The  following  actions  are  recommended: 

(1)  Based  upon  criteria  set  forth  in  the  recommended 
guidelines,  alterations  to  the  design  of  the  dam  should  be 
made  in  order  to  pass  lake  outflow  resulting  from  a  storm 
of  probable  maximum  flood  magnitude. 

(2)  Obtain  the  necessary  soil  lata  and  perform  dam 
stability  and  seepage  analyses  in  order  to  determine  the 
structural  stability  of  the  dam  fur  all  operational 
conditions.  oeeepage  and  stability  analyses  should  be 
performed  h)  a  qualified  professional  engineer  experienced 
in  the  design  and  construction  ol  dams  that  include  the  use 
of  tiff  material  foi  embankment  fill. 
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b. 


! 


following 


Operat ions  and 
0  (»  M  Proofd.u 


Maintenance  (0  f.  M) 


os  are  rec oilmen dfd  : 


Procedures. 


The 


(1)  Remove  tin-  trees  as  well  i r.lu*  fallen  trees  and 
brush,  that  may  conceal  animal  burrows,  from  tin*  downstream 
face  of  the  darn  and  the  area  adjacent  to  the  downstream  toe 
of  the  slope.  Holes  from  tree  roots  and  voids  created  by 
burrowing  animals  provide  a  pathway  for  seepage  that  ran 
lead  to  a  piping  (progressive  internal  erosion)  condition 
and  potential  failure  of  the  dam.  The  existing  turf  cover 
should  be  restored  if  destroyed  or  missing  (much  of  the 
downstream  face  has  no  perennial  type  of  plant  cover). 
Maintain  the  turf  cover  on  the  slopes  at  a  height  that  will 
not  hinder  inspection  of  the  slope  or  provide  cover  for 
burrowing  animals.  The  removal  of  trees  should  be 
performed  under  the  guidance  of  an  engineer  experienced  in 
the  design  mio  construction  of  earth  dams,  since 
indiscriminate  clearing  can  jeopardize  the  safety  of  the 
dam. 

(2)  Provide  come  means  of  preventing  piping  due  to  seepage 
at  the  downstream  face  of  the  dam.  A  piping  condition  can 
result  in  failure  of  the  dam. 

(3)  Drain  the  low  lying  areas  adjacent  to  the  toe  of  the 
dam  in  order  to  prevent  soft  ground  and  conditions 
detrimental  Co  the  stability  of  tie.*  embankment . 

(4)  Remove  the  trees  and  brush  from  the  downstream  area  of 
the  principal  spillway  outlet  channel  in  order  to  allow 
flow  to  reach  Che  downstream  channel  unrestricted. 
Restricting  flow  in  the  spillway  channel  can  result  in 
flooding  of  the  area  adjacent  to  the  downstream  toe  of  the 
dam  and  conditions  unfavorable  to  the  stability  of  the 
embankment . 

(5)  Remove  the  barbed-wire  type  fence  that  traverses  the 
crest  of  the  principal  spillway  and  provides  a  barrier  on 
which  lake  carried  debris  could  lodge,  resulting  in  a 


restriction  of  the  spillway  opening  and  unwarranted 
flooding  of  the  lake  and  possibly  overtopping  of  the 
embankment . 

(6)  Restore  the  subgrade  at  the  downstream  ends  of  the 
concrete  sill  and  paved  chute  at  the  principal  spillway  and 
provide  some  means  of  preventing  future  erosion  at  these 
locations.  Loss  of  subgrade  could  result  in  settlement  of 
the  sill  (crest  )  or  instability  of  the  dam  at  this 
location,  since  loss  of  materials  below  the  chute  will 
affect  the  stability  of  the  section. 

(7)  The  benefit  of  riprap  to  prevent  erosion  of  the 
upstream  face  of  the  dam  in  the  case  where  the  embankment 
material  consists  of  tiff  gravel  is  questionable.  However, 
if  riprap  is  considered  desireable,  it  is  recommended  that 
selection  of  riprap  be  done  by  a  qualified  soils  engineer 
in  order  to  insure  proper  gradation  and  size.  Riprap  is 
necessary  to  prevent  erosion  of  an  earth  embankment  by  wave 
act  ion . 

(8)  A  detailed  inspection  of  the  dam  should  he  instituted 
on  a  regular  basis  by  an  engineer  experienced  in  the  design 
and  construction  of  dams.  It  is  also  recommended,  tor 
future  reference,  that  records  be  kept  all  inspections 
made  and  remedial  measures  taken. 

(9)  Provide  maintenance  of  all  areas  of  the  dam  and 
spillways  on  a  regularly  scheduled  basis  in  order  to  insure 
features  of  being  in  satisfactory  operational  condition. 
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HYDROLOGIC  AND  HYDRAULIC  COMPUTATIONS 


1.  The  HEC-1  Dam  Safety  Version  (July  1978,  Modified  26 
February  1979)  program  was  used  to  develop  inflow  and  outflow 
hydrographs  and  dam  overtopping  analyses,  with  hydrologic  inputs  as 
fol lows : 

a.  Prol>able  maximum  precipitation  (200  sq.  mile,  24-hour  value 
equals  26.0  inches.)  from  Hydrometeorological  Report  No.  13.  The 
precipitation  data  used  in  the  analysis  of  the  1  percent  (100-year 
flood)  vas  provided  by  the  St.  Louis  District,  Corps  of  Engineers. 

l'.  Drainage  area  =  1.21  square  miles  =  774  acres. 

c .  S •’!’  p  a  r  am*  t e  r  s : 

Lag  time  =  0.30  hours 

Soil  Group  C  =  100  percent 

Soil  type  CM  ^  75  (AMC  II),  88  (AMC  III) 

Lag  Time  =  0.60  Tc  (SCS  Method) 

Time  of  Concentration  (Tc)  =  (JJc  \  ^ 

II 

Where;  T  -  Travel  time  of  water  from  hvdraulically  most 
c 

distant  point  to  point  of  interest,  hours 

L  =  Length  of  longest  watercourse,  miles 

H  -  Elevation  difference,  feet. 


2.  The  principal  ^nd  emergency  spil  l  way  section:;  consist 
respectively  of  bro.ui- crested ,  trapezoidal  and  V-shaped  sections 
for  which  conventional  weir  formulas  do  not  apple. 

Spillway  release  rates  for  these  sections  were  determined 
as  follows: 

a.  Spillway  crest  section  properties  (area,  a  and  top  width.,  t) 
were  computed  for  various  depths,  d. 

h.  it  was  assumed  that  flow  over  the  spillway  crest  would 

occur  at  critical  depth.  Flow  at  critical  depth.  Flow  at 

critical  depth  was  computed  as  -(a  3R)0.5  for  the 

various  depth,  d.  Corresponding  velocities  (v^)  anc* 

velocity  heads  (H  )  were  determined  using  conventional 
vc 

formulas . 

c.  Static  lake  levels  corresponding  to  t  he  various  values 

passing  over  the  spillway  were  computed  as  critical  depths 

plus  critical  velocity  head  (d  -t  !!  ),  and  the 

'  •  e  vc 

relationship  between  lake  level  and  spillway  discharge  was 
thus  obtained.  'I  he  procedure  neglects  the  minor 
ins i gn i t  ie ant  friction  losses  across  the  length  of  the 
sp i 1 1  way . 


3.  The  profile  of  tlu  dam  crest  between  the  principal  spillway  and 
emergency  spillway  is  irregular  and  flow  over  the  dam  crest  cannot 
he  determined  by  conventional  weir  formulas.  Crest  length  and 
elevation  data  for  the  dam  crest  proper  were  entered  into  the  liF.C-1 
Program  on  the  $1.  and  the  $V  cards.  ih*’  ptogram  computes  internally 
the  flow  over  the  dam  crest  and  adds  this  flow  to  the  flow  over  the 
principal  and  emergency  spillways  as  entered  on  the  Y4  and  Y5  cards. 
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ANALYSIS  JF  C  A  *1  OVERT  OPPING  USING  100YR  FLOOD 
HYDRQLCGIC— HYDRAULIC  ANALYSIS  CF  SAFETY  OF  COLE  LAKE  DA r 
100YR  FLOOD  ROUTED  THROUGH  RESERVOIR 
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